Purpose To analyze the role of lymph node dissection (LND) in patients with large renal tumors. Methods We performed a retrospective study of patients with renal cell carcinoma C7 cm in size undergoing surgery between 1990 and 2012. Primary outcome measures were recurrence-free and overall survival of patients who did and did not undergo LND. Cox proportional hazards regression models were created to account for known risk factors for recurrence and survival. Secondary outcomes were recurrence-free and overall survival by lymph node status, lymph node template and number of lymph nodes removed. Results Of 524 patients, 164 had disease recurrence and 197 died. Median follow-up was 5 and 5.5 years for patients who did not die or have a recurrence, respectively. A total of 334 (64 %) patients underwent LND, and nodepositive disease was identified in 26 (8 %). For patients who did and did not undergo LND, 5-year recurrence-free survival was 64 and 77 %, respectively. Five-year overall survival was 75 and 78 %, respectively. LND was not a predictor of recurrence or survival in multivariate analysis. Node-positive disease was associated with recurrence (p \ 0.0005) and mortality (p = 0.032), although nodepositive patients had a 5-year overall survival of 65 %.
Introduction
Ten to 28 % of all patients with renal cell carcinoma (RCC) will experience local or distant recurrence following nephrectomy [1] , with patterns of recurrence related closely to histology and stage [2] . Regional disease involving retroperitoneal lymph nodes is associated with higher pathological stage and larger tumor size and has an adverse prognosis similar to that of patients with pulmonary metastases [3, 4] . While lymph node dissection (LND) was part of the original description of radical nephrectomy by Robson [5] , there is no definitive evidence that LND provides a therapeutic advantage [3, 6] . Due to this lack of a clear therapeutic effect, urological surgeons are inconsistent in their use of regional LND. Currently, the most accepted rationale for performing LND is for more complete pathological staging. However, in other urologic cancers, such as prostate, penile and bladder cancers, LND is associated with a small but real therapeutic advantage in patients with minimal metastatic disease [7] [8] [9] .
Retrospective data from centers of excellence also suggest similar benefits of LND in RCC patients with lymph node-positive disease, although the selection criteria for LND were unclear [10] [11] [12] [13] . The two prospective studies examining LND have been criticized: one study for lacking important clinical data [14] and the other for including a large proportion of patients with low-stage disease [15] . In the latter study, the EORTC 30881 randomized-controlled trial, LND did not impact survival. The overall incidence of node-positive disease in this study was only 4 %, compared to an incidence of 12-37 % in patients with pT3-4 disease cited in the literature [3] . With a low proportion of node-positive disease, this study was criticized as being underpowered [16] . The benefits of LND for patients who are more likely to have node-positive disease are unknown. Therefore, our goal was to evaluate recurrence-free and overall survival in patients with large renal tumors who did or did not undergo LND.
Materials and methods
Following institutional review board approval, we identified 524 patients who underwent partial or radical nephrectomy for histologically confirmed RCC between 1990 and 2012 at Memorial Sloan-Kettering Cancer Center. High-risk disease was defined as tumors C7 cm in pathological size in the absence of distant metastatic disease. We excluded patients with a history of previous RCC or synchronous bilateral tumors.
Chart review was performed to determine whether lymphadenopathy was diagnosed preoperatively on crosssectional radiographic imaging or described by surgeons in their operative notes. Radiographic lymphadenopathy was defined as any retroperitoneal lymph node C1 cm in longest dimension. Operative and pathological reports were reviewed to confirm that LND was performed, the number of lymph nodes removed and the lymph node template performed. Number of nodes removed was categorized as 0-3, 4-7 or C8. Lymph node template was categorized as hilar only versus other, which included paracaval, precaval, retrocaval and interaortocaval for right-sided tumors and paraaortic, preaortic and interaortocaval for left sided tumors. Patients who had only incidental perinephric nodal tissue discovered in the nephrectomy specimen were counted as having no LND. Performance of LND and the extent of dissection were not standardized but based on the surgeon's discretion. Some surgeons perform an extended LND in nearly all cases, while others perform LND more selectively, either for staging or in the presence of surgically resectable lymphadenopathy.
Our primary objective was to describe the differences between recurrence-free and overall survival in patients who did or did not undergo LND. Cox proportional hazards regression models were used for both outcomes and included pathological stage (pT2, pT3 or pT4 by AJCC 2010), tumor size (cm), tumor histology (clear cell, chromophobe or papillary), presenting symptoms (incidental, local or systemic) ASA score (I/II vs. III/IV), sarcomatoid histology (yes or no), surgery type (radical vs. partial), LND (yes or no) and lymphadenopathy (yes or no).
Secondary analyses were performed for recurrence-free and overall survival by lymph node status (positive or negative), number of nodes removed and LND template. All statistical analyses were performed using Stata 12.0 (Stata Corp., College Station, TX, USA).
Results
Characteristics of the study population are summarized in Table 1 . LND was associated with younger age (p = 0.005). Pathological features associated with LND were higher stage (p = 0.001), larger tumor size (p \ 0.0001) and lymphadenopathy (p \ 0.0001). Rates of LND for minimally invasive versus open surgery were similar (p = 0.9), but patients undergoing radical nephrectomy were more likely to undergo LND than those undergoing partial nephrectomy LND (p \ 0.0001).
In total, 164 patients developed disease recurrence and there were 197 deaths from all causes. Median follow-up time was 5 and 5.5 years for patients who did not die or have a recurrence, respectively. A total of 334 (64 %) patients underwent LND, and node-positive disease was identified in 26 (8 %) patients.
Kaplan-Meier curves for recurrence-free survival and overall survival stratified by LND are presented in Figs. 1 and 2, respectively. Five-year recurrence-free survival rates were 64 and 77 %, respectively, for patients who did and did not undergo LND. Five-year overall survival rates were 75 % and 78 %, respectively. Table 2 displays our Cox models for recurrence and survival rates. When controlling for pathological differences and surgical technique, LND was not associated with a significant difference in recurrence-free (p = 0.4) or overall survival (p = 0.3).
Kaplan-Meier curves for recurrence-free and overall survival stratified by lymph node status (positive vs. negative) are presented in Fig. 3 . We found a statistically significant difference between lymph node status and recurrence-free survival (p \ 0.0005). Five-year recurrence-free survival was 21 and 68 % for positive and negative nodes, respectively. We also found a statistically significant difference between lymph node status and overall survival (p = 0.032). Five-year overall survival was 65 and 75 % for positive and negative nodes, respectively. We did not find a significant difference between number of nodes removed and recurrence (p = 0.3) or survival (p = 0.8). In addition, we did not find a significant difference between lymph node template and recurrence (p = 0.9) or survival (p = 0.5).
Discussion
The surgical management of RCC is unique among solid tumors. There is substantial evidence that resection of the primary tumor in metastatic disease and resection of synchronous or metachronous metastatic disease can provide a small but real survival benefit in selected patients [17] . Therefore, we would hypothesize that removing all regional lymph nodes at the time of nephrectomy would also provide a benefit if regional disease was present either grossly or microscopically.
This study was undertaken because of criticisms that EORTC 30881 involved a large proportion of low-stage or low-grade patients who were clinically node-negative [15, 16, 18] . We therefore focused our analysis on patients with tumors C7 cm in size and included patients with lymphadenopathy. Although our rate of node-positive disease was double that of EORTC 30881 (8 vs. 4 %), we also found no association between LND and survival.
In fact, we found that 5-year disease-free and overall survival rates were lower in patients who underwent LND. This can likely be attributed to pathological differences between the two groups, as patients undergoing LND had larger, higher-stage tumors suggesting a surgical selection bias. When we controlled for pathological differences, we found no difference in recurrence-free or overall survival. However, whereas a randomized study design can limit confounding differences between groups, the current study is limited by such selection bias. Although we controlled for known pathological differences, there may be other unmeasured confounding variables that surgeons used to select patients for LND. Like the measured variables, unmeasured confounding variables would be likely to show worse disease in the LND group, which would underestimate the benefit of this procedure. Our findings are in contrast to other retrospective series that have demonstrated a benefit of LND [12, 19] . Pantuck et al. [12] compared 129 patients with clinically node-positive disease who underwent nephrectomy. The 112 patients who underwent LND had approximately 5-month survival advantage over the 17 patients who did not undergo LND (p = 0.0002). Despite the impact on survival reported, a similar proportion of patients received immunotherapy and there was no difference in local or systemic recurrence rates between the two groups. The authors also found no difference in survival for patients with clinically node-negative disease and, therefore, recommended against LND in these patients. Canfield et al. subsequently argued that extended LND is an important staging procedure. In 40 patients with pathological node-positive disease that underwent extended LND, 17.5 % were clinically node-negative. Unfortunately, the authors did not report the denominator of patients that were clinically node-negative and underwent extended LND.
In the current series in which we selected only high-risk patients, 8 (3.5 %) patients without lymphadenopathy who underwent LND had node-positive disease. In contrast, of the 111 patients with lymphadenopathy who underwent LND, node-positive disease was identified in 18 (16 %) . The proportion of patients with lymphadenopathy who were node-negative is remarkably lower than the 40 % previously reported by Studer et al. [20] and may reflect the absence of imaging re-review by radiologists in the current study or a clinical stage migration secondary to imaging performed for other reasons. These numbers are also likely inflated by the selection bias inherent to any retrospective study and may not reflect the true incidence of nodepositive disease in this population.
Another argument supporting LND has been durable disease-free or overall survival of patients with nodepositive, non-metastatic disease [10, 11] . It has been reported that 5-12 % of patients with positive lymph nodes have no other sites of metastasis and would theoretically benefit from LND [21] . In a multi-institutional study of 171 patients with node-positive disease, Karakiewicz et al. [10] reported a 39 % 5-year survival rate. Interestingly, in this population, stage, grade, tumor size and histology were not associated with cancer-specific mortality, but systemic symptoms at presentation were a harbinger of poor outcomes. In the MD Anderson experience, Delacroix et al. [11] reported the 5-year recurrence-free and overall survival of node-positive patients was 22 and 37 %, respectively. Neither of these studies reported outcomes of patients that did not undergo LND. In the current series, we found a 5-year recurrence-free and overall survival of 21 and 65 %, respectively. The vast improvement in overall survival compared to previous studies is promising and could be linked to the widespread use of targeted tyrosine kinase and mTOR inhibitor therapies.
Considering that we were unable to show an overall difference with or without LND, we were not surprised that there was no difference in the number of nodes removed or lymph node template. Two previous reports suggest that increasing number of nodes is associated with greater likelihood of finding positive nodes, [22, 23] but neither of these studies reported disease outcomes. On the other hand, a population-based study reported that increasing number of nodes removed was associated with worse cancer-specific survival on univariate, but not multivariate, analysis [24] . This paradoxical finding is similar to our results and can be explained by selection criteria for LND. There is also some evidence that the extended dissection should be favored due to the unpredictability of positive node landing sites [3] , but we found no differences between hilar only dissection and more extensive dissections. Importantly, neither number of nodes or template of dissection has been evaluated in a prospective manner. The current study highlights the difficulties in interpreting retrospective data for a procedure that is performed selectively without well-defined standards. Although we were unable to show a difference between LND and no LND, these results may underestimate the effect of LND performed in high-risk patients. Although the therapeutic impact of LND is not obvious based on this or other studies, the enhanced clinical staging provided by LND can be valuable for stratification in ongoing adjuvant trials of new systemic targeted therapies. Considering the limitations of the current literature, we suggest a well-designed, prospective study with a sufficient number of patients examining the role of LND in high-risk RCC.
Conclusion
We did not find a difference in recurrence-free or overall survival in patients with C7-cm tumors whether or not they underwent LND and regardless of the extent of LND. This should be considered in the context of the retrospective design of our study. Node-positive disease was associated with worse outcomes, suggesting that LND provides important staging information that can be important in the design of adjuvant clinical trials.
